The last phase of the reprotonation switch in bacteriorhodopsin: the transition between the M-type and the N-type protein conformation depends on hydration.
In order to elucidate the mechanism of the reprotonation switch of bacteriorhodopsin, the protein conformation of the M intermediate of the D96N mutant was examined at various hydration conditions by X-ray diffraction and FTIR spectroscopy. We observed two distinct protein conformations at different levels of hydration. One is like in the N photointermediate, although in this case with an unprotonated Schiff base. It is stabilized in highly hydrated samples. The other is a protein conformation identical to that in the normal M intermediate of wild-type bacteriorhodopsin, which is stabilized in partially dehydrated samples. The hydration dependence of the structural transition between the M-type and the N-type conformations suggests that there is a change in the binding of water at the cytoplasmic surface. Thus, more water molecules bind in the N-type structure than in the M-type. This is consistent with the idea that the conformational change from the M-type to the N-type corresponds to the opening of the proton channel to the cytoplasmic surface by tilt of the cytoplasmic end of helix F, and that this is required for proton transfer from Asp-96 to the retinal Schiff base.